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CAA-D-85-3
EXTENDED PARTS REQUIREMENTS AND COST MODEL (PARCOM)

i FUNCTIONAL DESCRIPTION
: (Short title: Extended PARCOM Functional Description)
. CHAPTER 1
l GENERAL DESCRIPTION
1-1. PURPQOSE OF THE FUNCTIONAL DESCRIPTION. This functional description
B of the Extended Parts Requirements and Cost Model (PARCOM) provides:
- a. The structure of the model logic which will serve as a basis for
mutual understanding between the user and the developer.
b. Information on model restrictions, potential for extension, and user
‘ impacts.
[ ]
1-2. PROJECT REFERENCES. The reader is directed to the reference list in
Appendix B of this document.
; 1-3. TERMS AND ABBREVIATIONS. The reader is directed to the glossary at
: the end of this document.
a

1-4. BACKGROUND

a. Model Origin. The US Army Concepts Analysis Agency (CAA) developed
the Parts Requirements and Cost Model (PARCOM) to generate cost-effective
: mixes of aircraft spare parts and to assess aircraft fleet performance under
ii specified wartime scenario conditions. Development occurred during the
course of the Aircraft Spare Stockage Methodology (Aircraft Spares) Studyl
conducted by CAA. That study, and PARCOM development, were in response to
interest shown by the Deputy Chief of Staff for Logistics (DCSLOG) in devel-
oping a methodology (or methodologies) relating aircraft spare parts stock-
" age levels to combat readiness and flying hour capability. The calculation
D of spare parts requirements and of the effects of budgeting changes had
- been a slow and cumbersome peacetime-oriented exercise. The principal c¢ri-
terion for spares stockage had been the achievement of acceptable stockout, )
or fill rate, levels. To more realistically predict wartime spare parts '_~1
requirements, and to better justify budget requests for spare parts pro- :
| curement, the Army needed a more responsive methodology based on wartime
» . flying hour expectations and system readinesséavai]ability requirements.
: At first, the Army used the Overview Model,ls2 but later PARCOM was
developed to meet that need.

NS ST

b. Documentation. Results reported in the Aircraft Spares Study were
- sufficiently encouraging to warrant a follow-on study designated the R
4 Overview/PARCOM Turnkey Project (OPTP).2 Included in the objectives of - 4
- OPTP were the following actions pertaining to PARCOM:

1-1
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(1) Document PARCOM, as developed in the Aircraft Spares Study, and
deliver it to the US Army Aviation Systems Command (AVSCOM). That documen-
tation consisted of a User's Guide3 and a Functional Description.4

(2) Evaluate and report on the potential for extending the capability
of the PARCOM methodology to include partial-substitution parts replacement
policies and any other features deemed desirable but lacking in the version
of the model developed for Aircraft Spares. The version of PARCOM developed
in OPTP is denoted as Extended PARCOM, while the Aircraft Spares version is
denoted as basic PARCOM. A technical paper® was issued describing Extended
PARCOM methodology. This report is a functional description of the new
version of the model. An Extended PARCOM User's Guideb® has also been
prepared.

1-5. STRUCTURE OF ARMY AIRCRAFT LOGISTICS

a. Governing Regulations. Policy and procedural guidance for the Army's
inventory management efforts is largely contained in two regulations:

e AR 710-1, Centralized Inventory Management of the Army Supply System
e AR 710-2, Supply Policy Below the Wholesale Level

(1) AR 710-1 establishes responsibilities and procedures for central-
ized inventory management of Army materiel by the major subordinate commands
(MSC) of the US Army Materiel Command (AMC).

(2) AR 710-2 prescribes supply procedures to be used at the retail
level, including methods for determining authorized stockage lists and
appropriate stockage levels.

b. Maintenance System Structure. Figure 1-1 illustrates the inter-
action of supply, maintenance, and industrial activities within the air-
craft parts logistics system.

(1) Parts Storage Locations. Aircraft spare parts are stored with RS
using units at the aviation unit maintenance (AVUM) and the aviation inter- R
mediate maintenance (AVIM) levels. Aircraft spare parts are stored in var- L
ious CONUS depots for shipment to users upon requisition. Additionally, k
war reserve parts are stored in various CONUS depots or prepositioned in o
the appropriate theater.

,-‘.‘_,..
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a (2) Participating Organizations and Responsibilities. AVUM facilities -
are organic to the lower echelon aviation units which actually fly and main- -
tain the Army's aircraft. These user units stock a prescribed load list

(PLL) of repair parts at the AVUM level. PLLs are sized to sustain the

unit's anticipated wartime flight operations for a specified number of days
(usually 15). Stockage levels and reordering procedures are governed by AR

710-2. AVIM units develop their own authorized stockage lists (ASL) based

on demands for parts received from supported AVUM units and from their own -
AVIM operations. AVIM ASLs are exclusive of subordinate unit PLLs. The
development of ASLs is also governed by AR 710-2. Part types are selected

for PLL and ASL stockage based upon a combination of experienced demand

frequency and mission essentiality. The AVIM/AVUM (retail) parts require-

ments are supported by stocks maintained in supply depots (wholesale) in

CONUS. Automated inventory management techniques are employed by AVSCOM to
authorize and record fill of retail requisitions by the appropriate whole-

sale depot. Depot stocks are replenished through procurement of new parts

or repair of returned unserviceables.

c. Areas of Consideration

(1) Peacetime versus Wartime. Peacetime requirements for spare parts
are computed based upon experienced annual demand and projected peacetime
usage. AVSCOM uses an automated system of data bases and models to fore-
cast these requirements, and bases its computations on a supply availability
goal. Wartime requirements are computed and funded separately from peace-
time requirements, and address those parts required to sustain the force
during the initial stages of war until lines of communication and supply
can be established. The primary consideration for peacetime requirements
is meeting supply availability goals, while that for war reserve require-
ments is meeting sustainability goals.

(2) Initial Provisioning versus Replenishment. Computation of the -
spare parts requirement for initial provisioning of new weapons systems is N
necessarily based on less concrete data than is that for replenishment parts
for already fielded systems. No demand history has yet been developed, so
engineering estimates of parts failure F._tors are used instead. In many
cases, all the parts to be included in the new aircraft have not been fully
identified, and their cost must be extrapolated from that of a list of major
assemblies. AVSCOM has an automated capability to compute initial pro-
visioning requirements based on these projected data. Over the first 2
years of a system's life, actual demand data is accumulated and given
increasing weight in spare parts management decisions. After a system has
been fielded for 2 years, its replenishment spare parts requirements are .
computed using actual demand data to the maximum extent possible. . L

(3) Retail versus Wholesale. The Army splits its inventory manage-
ment into "retail" and "wholesale" activities. In the aviation logistics
context, AVUM- and AVIM-level parts stockages are termed "retail," while
those at the depot level are termed "wholesale." The methodologies used
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to compute spare parts requirements for the retail and wholesale levels are
entirely different and essentially unrelated. Retail stockage levels are
computed and authorized based upon a combination of demand experience, com-
bat essentiality, and mobility requirements. AR 710-2 establishes computa-
tional procedures used by retail parts managers to determine their stockage
levels and appropriate reorder points. Wholesale parts requirements are
computed based upon average monthly demand experienced at the wholesale
level. Wholesale item managers have little visibility of retail spare parts
postures or weapons system availabilities. Rather, wholesale parts are
procured or repaired at rates calculated to achieve a chosen demand satis-
faction percentage without backorders.

(4) Fill Rate versus System Availability Criteria. AVSCOM computes
spare parts requirements with the objective of achieving a target fill rate.
Its goal is to fill a selected percentage of all demands received without
having to backorder parts. The item manager does not base his parts manage-
ment decisions on weapons system availability, and in fact, has little or
no visibility of this retail level criterion. The Department of Defense
(DOD) has expressed its support for implementation of system availability-
driven parts requirements computation methodologies in all the armed
services. The primary difficulty for the Army is the collection of
accurate data to drive such automated models.

d. Similarity of Aircraft and Other Spares Procurement. Each of the
MSCs uses the Commodity Command Standard System (CCSS) to meet its inven-
tory management responsibilities. The processes used are essentially the
same for all types of spares.

1-6. EXTENDED PARCOM REPRESENTATION OF LOGISTICS ENVIRONMENT. The
Extended PARCOM "world view" of the aircraft part logistics system is based
on the representation in Figure 1-1. Extended PARCOM, however, has only
two echelons of stock and repair.

a. Wholesale Level. This level consists of the “depot stocks" and
"depot maintenance" blocks of Figure 1-1. Depot maintenance is represented
in terms of depot repair times, depot condemnation rates, and ordar ship
times (OST) between depot and retail level. Extended PA™ZOM treats ‘nitial
wholesale stocks in four categories. Initial depot sc. viceables are shipped
to theater according to a user-specified schedule. Initial depot unser-
viceables are repaired or condemned at depot; completed repairs are shipped
to theater. Serviceable war reserve stocks are assumed in place in theater.
Unserviceable war reserve stocks are treated as failed parts and are con-
demned or shipped to repair as appropriate.

b. Retail Level. This level is treated as one pool (or "bin") of spare
parts stocks consisting of all stocks at AVIM and AVUM levels in Figure
1-1. Retail maintenance is treated as an aggregate process and is repre-
sented in terms of retail repair times, not repairable this station (NRTS)
percentages, and retail condemnation rates. Essentially, "retail" repre-
sents pooled AVIM and AVUM functions. Deploying ASL/PLL stocks arrive in
theater according to a user-specified schedule.

1-5
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c. Distribution of Parts Over Time. Extended PARCOM distributes parts ’;ij
over intervals of 5 days rather than over individual days. All parts due -
to be received during a given 5-day interval are distributed uniformly oy

throughout that interval. An exception is Day 1 of the scenario. A1l parts
due in (or in place) on Day 1 are treated as received at the beginning of "
Day 1. The categories of parts treated are: s

(1) Depot Serviceables. These consist of serviceable parts located -
at depot at the start of the scenario. For each part, the initial stock of
depot serviceables is entered in the part data base input. The scenario
input specifies a depot lag, L, and a depot distribution time, D, applicable
to all parts, such that, for each part, the initial stock of depot service-
able? is distributed (received at retail) uniformly between Day (L + 1) and B
Day (L + D). T

(2) Depot Unserviceables. These consist of unserviceable parts
located at depot at the start of the scenario. They are at various stages
of the depot repair process and, after repair, are to be shipped to retail.
Since a part may be in any state of its repair cycle, distribution of J
uncondemned depot unserviceables for each part is assumed uniform over an '
interval equal to the depot repair time (DRT) for the part, with the first 1
receipt (at retail) after a lag equal to the order ship time (0ST) for the w
part. For each part, the initial stock of depot unserviceables, the depot 1
condemnation rate (DC), the OST, and the depot repair time are input in the o
part data base. Letting A = number of depot unserviceables, Extended PARCOM ;;_j
distributes (1-DC) x A repaired parts at retail between Day (OST + 1) and
Day (OST + DRT).

(3) War Reserve Serviceables. These consist of serviceable parts in }
the war reserve located at retail. For each part, the amount of the ser- u:q
viceable war reserve is input in the parts data base. The entire stock is e
treated as available at vetail from the scenario start (Day 1).

(4) War Reserve Unserviceables. These consist of unserviceable war
reserve parts located at retail at the start of the scenario. Some of
these will be condemned. Others will be sent to depot for repairs. Others
are in various stages of repair at retail. The distribution of these parts
is as follows:

(a) Items Repairable at Retail. For each part, let NRTS = the NRTS
fraction, BR = the retail repair time, BC = retail condemnation rate, and A
= number of war reserve unserviceables. Then, Extended PARCOM simulates
the receipt in theater, between Day 1 and Day BR, of (1-NRTS) x A x (1-BC)
parts repaired at retail. A1l of these factors are input in the parts data . -
base.

(b) Items not Repairable at Retail. For each part, let NRTS = the
NRTS fraction, DRT = the depot repair time, DC = depot condemnation rate,
0ST = the order ship time, and A = number of war reserve unserviceables. o
Then, Extended PARCOM returns to the theater (NRTS) x A x (1-DC) depot- -
repaired parts between (2 x OST + 1) and Day (2 x OST + DRT). -

1-6
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(5) ASL/PLL Deployments. For each part, the Extended PARCOM parts -
data base inputs on Day 1 include total in-place ASL/PLL parts. In addi- -
tion, total ASL/PLL parts deployed after Day 1 are input for successive
5-day intervals of the scenario.

d. Users. Users of spare parts are deployed aircraft. Extended PARCOM
treats deployed aircraft only at retail level. These are augmented by e
. scheduled deployments of additional aircraft (from a presumed rear area) -
during the course of a simulated "war." Currently, Extended PARCOM can :
treat only a homogeneous aircraft fleet of one type for a single force.
. Deployed aircraft are subject to attrition based on (input) attrition
factors. Combat is not explicitly represented.

e. Failure Generation. The deployed aircraft fleet is assigned (via -
input) a flying hour program, broken into daily fleet flying hour require-
ments. Extended PARCOM finds a cost-effective mix of spare parts, which,
over the course of the “"war," will, on average, achieve the set flying
program in addition to specified daily aircraft availability requirements.
If spares procurement funds are constrained, Extended PARCOM seeks a cost- o
effective spares mix achieving as much of the flying program as possible. -
Input failure rates for spare parts are in terms of failures per flying
hour. In general, achieved flying hours interact with part failure rates
to produce gross part failures. Gross part failures interact with issues
from initial spare inventory and the repair process at depot and at retail
to produce a net demand for spare parts at user level. The net demand for
spare parts at user level then determines the number of surviving aircraft
that are mission capable or not mission capable supply (NMCS). As will be
seen in the 1ext chapter, Extended PARCOM simulates all interactions in
expected value terms, i.e., in terms of the proauct of an average process
rate and the number of items subjected to that process.

1-7. EXTENDED PARCOM PROBLEM SPECIFICATION. The basic purpose of Extended ¥
PARCOM is to generate cost-effective mixes of add-on spare parts needed to N
permit an aircraft fleet of specified type to achieve specified flying pro-

gram and availability goals under various cost constraints and aircraft

availability objectives for a user-specified part replacement policy. These

are described below in summary fashion. Additional detail may be found in

the Extended PARCOM User's Guide.

a. Cost Constraints. The two cost constraint modes are:

(1) Unconstrained Funds - where unlimited funds for procurement of
additional required parts are assumed available.

(2) Constrained Funds - where a cost (funding) limit for add-on spares
is set. If unable to meet the flying hour, and possibly, availability
objectives with the limited funds, the model generates a "best" solution
mix with the funds available, i.e., it seeks to maximize program flying
hours achjevable within the funding constraint.

1-7
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b. Parts Replacement Policies. Whether or not a failed critical part
degrades aircraft flying hour productivity depends on the parts replacement
policy used. Basic PARCOM represented the effects on only two specific
policies, full substitution and no substitution. These policies are special
cases of the partial-substitution policy capability of Extended PARCOM.

spare may replace a failed part. Under a full-substitution policy, a failed - T

part may be replaced by either a spare or, if a spare is not readily avail-

able, by a serviceable part removed from an aircraft which is already NMC

[ (not mission capable). A third parts replacement policy is "NMCS = 0,"

f which has, as a goal, the replacement of all failed parts with spares.
Basically, the "NMCS = 0" policy is just a no-substitution policy with an

i; additional requirement that daily aircraft availability be 1.00. This var-

jation is of interest since it represents the most expensive plausible

L policy. In a sense, all else being equal, a full-substitution policy is

q associated with the "cheapest" buy which fulfills the flying program, while

the "NMCS = 0" policy is associated with the "most expensive" buy

("covering” all failures with spares).

hi (1) Full and No Substitution. Under a no-substitution policy, only a

(2) Partial Substitution. In Extended PARCOM, a partial-substitution
parts replacement policy is defined by partitioning all part types into a e
full-sub set and a no-sub set. A part type is in only one set and remains
in that set throughout the scenario. The full-substitution and no-
substitution policies of the basic PARCOM are special cases of partial
substitution in which all parts are either in the full-sub set or in the
no-sub set. The analytic usefulness of the definition arises from the
consequence that any NMCS aircraft will either be awaiting exactly one no-
sub part or at least one full-sub part but will never be awaiting a mixture
of full-sub and no-sub parts.

(a) A1l parts in the full-sub set operate with a full~-substitution -
replacement policy relative to aircraft which are NMCS due to lack of a e
part from that set. That is, a failed full-sub part on an aircraft may be S
replaced either by a spare (if available) or by a serviceable part installed
on an NMCS aircraft which is awaiting a full-sub part, if a spare is not
available. However, no failed full-sub part can be replaced by any part
installed on an NMCS aircraft awaiting a no-sub part. -

(b) Parts in the no-sub set operate with a no-substitution replace- S
ment policy. That is, a failed no-sub part on an aircraft may only be ' el
replaced by a spare part. An NMCS aircraft lacking a no-sub part may L
neither receijve a serviceable part from another NMCS aircraft nor provide a e
serviceable part to (fill a hole in) any other NMCS aircraft. - -

c. Flying Hour Objective. A flying hour objective is a requirement for O
the aircraft fleet to achieve a specified number of program flying hours on el
each day of the scenario. An input flying hour program designates the daily S
goals. The Extended PARCOM objective is to generate a parts mix which will ‘
achieve the specified flying program at least cost. -

1-8
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d. Aircraft Availability Objective. An aircraft availability objective
is a requirement for a specific minimum aircraft availability on each day
(different days may have different minimum required availabilities). In
this context, aircraft availability = 1 -~ NMCS, where NMCS = the fraction
of surviving aircraft in "not mission capable supply" status. An aircraft
is in an NMCS status if it is nonoperational because a spare part is needed
but is not available to restore it to serviceability. Specification of
availability objectives is in addition to the flying hour objective.
Specification of a zero availability objective is equivalent to no avail-
ability objective at all.

1-8. SUMMARY OF EXTENDED PARCOM OUTPUT. The following are the basic types
of print output produced by Extended PARCOM for requirements problems.
Details may be found in the Extended PARCOM User's Guide.

a. Unconstrained Cost Cases

(1) Total Requirement. The least-cost parts mix and costs required
to achieve the case objectives (flying program and availability) given a
zero initial inventory.

(2) Residual Requirement. The least-cost add-on parts mix (to an
input initial inventory) and costs required to achieve the case objectives.

(3) Cumulative Cost by Day. For each day N (N=1, 2, ..., through end
of "war"), the total and the add-on cost of the full parts requirement to
meet the case objectives through day N only, i.e., it is the cost of the
requirement for a truncated scenario of N days. Parts mix is not shown.

(4) Cumulative Requirement by Day. For selected parts, for each day
N, the cumulative total and residual requirement needed (in the full parts
scenario) to meet the case objectives through N days.

(5) Daily Aircraft Available. For each day of the full scenario, the
fraction of surviving aircraft which are not NMCS, assuming that the com-
puted solution parts mix is stocked in the theater war reserve.

(6) Daily Flying Hours per Aircraft per Day. For each day of the
scenario, the average achieved flying hours per available aircraft per day,
assuming that the computed solution parts mix is stocked in the theater war
reserve.

b. Constrained Costs

(1) Total Requirement. Total "best" requirements mix, with zero
initial inventory, that can be bought with a user-specified funding limit.
The principal objective of a "best" mix is to maximize flying hour pro-
ductivity with the constrained funds.

(2) Residual Requirement. Best add-on (to input initial inventory)
requirements mix that can be bought with a user-specified funding limit.

1-9
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(3) Daily Aircraft Available. For each day of the full scenario, the
fraction of surviving aircraft which are not NMCS, assuming that the com-
puted constrained cost solution parts mix is stocked in the theater war
reserve.

(4) Daily Flying Hour Fraction. For each day of the full scenario,
the fraction of the fleet flying program which can be achieved, assuming
that the computed constrained cost solution parts mix is stocked in the
theater war reserve.

(5) Daily Flying Hours per Aircraft per Day. For each day of the
scenario, the average achieved flying hours per aircraft per day, assuming
that the computed constrained cost solution parts mix is stocked in the
theater war reserve.

1-9. TYPICAL PROBLEMS ADDRESSED. A single Extended PARCOM run can provide
answers to several problems pertinent to a given scenario. From the user
point of view, typical problem statements, given a specified aircraft
deployment schedule, flying program, part replacement policy, and attrition
scenario are:

a. What is the least cost add-on buy needed to achieve the flying pro-
gram and an NMCS fraction not exceeding 0.15 on any day? What is the asso-
ciated daily NMCS status?

b. With a budget limit of $10,000,000, what spares should be added to
current inventory, using a specified partial substitution policy, to in-
crease to the extent possible the fraction of the flying program achieved?
What is the associated daily NMCS status? What is the associated fraction
of the flying program that is achievable?

..............................................................
..........................................................
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CHAPTER 2
PARCOM LOGIC

2-1. PROCESSING SEQUENCE. Extended PARCOM is a series of expected value
simulations of the spare part requirements generation process for cases
defined by a combination of parameters noted in the previous chapter. The
mode] determines a cost-effective solution spares mix for each case. In
addition, the model computes the capability potential of the force when
operated with each computed spares mix. The assessed capability potential
is in terms of achievable aircraft availability and fraction of the flying
hour program which can be accomplished. Figure 2-1 illustrates the general
nature and sequence of Extended PARCOM processing. The basic model sequence,
with logic diagrams as appropriate, is described in succeeding paragraphs.

.
b.-
b,

.............
...............

Calculate daily

allowed NMCS

afreraft
Determine Deterwine ompL
unconstrained cost gssei s::e::p:::lity constrained cost > gsses::neﬁ:p::v’-”ty
il tobarrection | | unconstrained cost [T} ramusing fneut fongtrained cost
PoTicy roat solution policy ramt solution
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Figure 2-1. Extended PARCOM Processing Sequence
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2-2. ALGORITHM FOR CALCULATING ALLOWABLE NMCS AIRCRAFT. To meet flying
hour and availability goals, the maximum number of aircraft allowed to be
down due to a lack of parts (allowable NMCS aircraft) is determined for
each day. As shown in Figure 2-2, separate minimums are computed for air-
craft required to meet the flying objective and those required to meet the
availability objective (if any). The larger of the two minimums is sub-
tracted from the number of surviving aircraft on each day to yield the
"allowable NMCS aircraft" for that day. Within the subsequent processing
algorithms, the "allowable NMCS aircraft" is converted to an "allowable
stockout" for each part and replacement policy. The "allowable stockout"
for a part on a day is just the ma:imum number of backorders (unfilled
demands) for the part which will still allow accomplishment of the case
objective (flying hour and availability) on that day, i.e., these are parts
that are missing but which do not have to be bought.

( Start }

‘~<

Acft deployment >

Compute surviving acft
(deployed - attrited)
for day

Maximum flying
) hours/acft/day
1 ] (MFHAD)

Compute A = Min acft Compute B = Min -
required {survivors X acft required
avaﬂabﬂit!) to (FNP/:iHAD)d
achieve day's to achieve day's
Acft avallabilityfepd availability goal flying hour goals -

goals
I 1 Flying hour
' program {FHP)

Acft attrition

Sefect larger of
A, 8

as ;Nnimm
required acft

L ] Go to
next
day

Compute and store
allowed NMCS acft e
surv!vtn? acft-
min required acft

Figure 2-2. Extended PARCOM Computation Algorithm for
Allowable NMCS Aircraft
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2-3. UNCONSTRAINED COST REQUIREMENTS ALGORITHM IN BASIC PARCOM. Extended
PARCOM uses the requirements algorithmn of basic PARCOM as a step in its
unconstrained cost calculation. Therefore, the logic of that predecessor
program is detailed below. Recall that basic PARCOM only processed a full-
substitution replacement policy and a no-substitution replacement policy.
(The "NMCS = 0" policy is just a special case of no substitution.) The
calculation of allowable NMCS aircraft (described previously) is the same
for both versions of PARCOM.

a. Unconstrained Cost Full-Substitution Requirement. Figure 2-3 shows
the basic PARCOM algorithm used to compute a requirements solution for
three parts replacement policies with unconstrained costs. The difference
between full-substitution and no-substitution calculations is in the way
that allowed stockouts are calculated. Net demand is the same for each.

Start

NN .1 2 .17 W 1 T < S

‘ (1)For "full substitution" and "NMCS = 0,"
order {s trrelevant. For "no substitution,”

order is from most to least costly.

r Compute this day's
Go to ::§o:::::ds::gkouts (@ (2) Allowed stockouts are dased on alloued.
:::: for this part. NMCS aircraft and part replacement policy

Compute this day's

Go to Rgmt
ramt for this part

:"t allowable (Romt=Net demand- ::r?::g

2y stockouts a1lowable stockouts)

Y

Save this day's|
rqmt as poss-
fble overall
ramt for this
part

Yo Last

day?

Yes

rint largest dafly
rqmt as overall
rqmt for this part

—

Figure 2-3. Basic PARCOM Requirements Computation Algorithm for Unconstrained
Costs, "Full Substitution,” "No Substitution,® and "NMCS = Q"

Yes
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(1) Net demand (for all three replacement policies) for a part at any .
point in time is the cumulative removals through that time minus the sum of — - -
cumulative returning repairs and issued inventory. Removals are generated
as the product of failure rate, part QPA (quantity installed per aircraft),
and programed fleet flying hours. Returning repairs are generated by having
removed parts cycled through a "repair pipeline" and being returned to the
theater spare pool. A positive net demand represents a shortage of a part.

(2) Under full substitution, the aircraft frames providing the sources
of parts substituted for failed parts when spares unavailable are consoli-
dated to the minimum possible number, i.e., there will be a maximum overlap
of aircraft frames providing missing parts. Because of this overlap, the
spare parts requirements for each part may be independently computed. For
a full-substitution policy, the allowable stockout for a part on any day is »
the product of allowable NMCS aircraft for that day and the part QPA.

(3) As indicated by Figure 2-3, the minimum spare requirement for a
part needed to achieve the case objective on any day is the net demand for
that part minus the allowable stockout. The overall spare requirement for
a part is the largest of the daily minimum spare requirements for that [
part. It is a least-cost solution because it is the smallest purchase of
that part which will permit the case objective to be met on all days.

b. Unconstrained Cost "NMCS = 0" Requirement. The "NMCS = 0" policy
corresponds to the case in which 100 percent aircraft availability is
required every day. In such a case, allowed NMCS aircraft and allowable
stockout both must be zero every day. The "NMCS = 0" case could be con-
sidered a special case of full substitution with a 100 percent aircraft RS
availability objective (the no-substitution case with that objective would SRR
yield the same answer, because substitution policy is irrelevant when no L
stockouts are allowed). The spares required by the solution to the
“"NMCS = 0" case also can be interpreted as the total expected net demand
for a part during the war. It is a least-cost solution because any amount
less than that required to meet the expected demand will create an NMCS
aircraft, i.e., will not meet the case objective.

Cc. Unconstrained Cost No-Substitution Requirement

(1) Under no substitution, the stockouts generated by parts removals
in excess of on-hand spares must each be associated with separate aircraft
frames. Every missing part results in an inoperable (NMCS) aircraft. It
is most cost effective, therefore, to assign the allowed stockout (allowed
number of NMCS aircraft) to the most expensive parts. For example, if 50
aircraft are allowed to be NMCS and a shortage exists of 50 expensive parts - "
and 50 cheap ones, the 50 cheap ones need to be bought. If 75 expensive
parts and 50 cheap ones are short, there will be no choice but to buy 25
expensive ones (leaving 50 unbought) and 50 cheap ones, in order to best
meet the case objective.

2-4
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(2) The algorithm of Figure 2-3 also applies to the no-substitution

. and "NMCS = 0" requirements. Under no substitution, an allowed stockout

| equates to an allowed NMCS aircraft; and the total allowed stockout, over
all parts, equals the total allowed NMCS aircraft for that day. However,
allowed stockout calculations for individual parts are interdependent,
i.e., the calculations for the first part affect those of the second, etc.

. The interdependence occurs because there is no overlap/consolidation of

P stockout effects (as was the case for full substitution). During the no-

l substitution calculations, basic PARCOM determines allowed stockout and net
demand in decreasing order of part unit cost, i.e., for the most expensive
parts first. The aspects of algorithm operation affected by differences in
substitution policy are summarized in Table 2-1.

~

Table 2-1. Differences in Application of Basic PARCOM
Unconstrained Cost Requirements Algorithm by Policy

) Algorithm procedure/calculation
Policy Allowable stockout Order of processing
i Full-sub Allowed NMCS acft x QPA Irrelevant
: No-sub Allowed NMCS acft By decreasing part cost
NMCS = 0 0 Irrelevant
[

2-4. UNCONSTRAINED COST REQUIREMENTS ALGORITHM IN EXTENDED PARCOM

. a. Partial-substitution Concept Definition. Prior to describing the RN
> requirements calculation algorithms, it is important to describe the speci- T
fic representation of a partial-substitution replacement policy in Extended ~ -1

PARCOM. A partial-substitution parts replacement policy is defined by a
user-specified partitioning of all part types into a full-sub set and a no-
sub set. A part type is in only one set and remains in that set throughout
the scenario. These sets are defined as follows:

(1) A1 parts in the full-sub set operate with a full-substitution -
replacement policy relative to aircraft which are NMCS due to lack of a '
part from that set. That is, a failed full-sub part on an aircraft may be L]
replaced either by a spare (if available) or by a serviceable part installed S
, on an NMCS aircraft which is awaiting a full-sub part, if a spare is not e
) available. However, no failed full-sub part can be replaced by any part
installed on an NMCS aircraft awaiting a no-sub part. -

2-5
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(2) Parts in the no-sub set operate with a no-substitution replace-
ment policy. That is, a failed no-sub part on an aircraft may only be
replaced by a spare part. An NMCS aircraft lacking a no-sub part may
neither receive a serviceable part from another NMCS aircraft, nor may it
provide a serviceable part to (fill a "hole") in any other NMCS aircraft.

b. Selection of Full-sub Parts. Before requirements processing begins
in Extended PARCOM, a full-sub and a no-sub part set, applicable over all
scenario days, must be defined. One option allows the user to specify
those part types which comprise the full-sub set. By default, all non-
specified parts are presumed to be in the no-sub set. However, the model
has another option, allowing the user to specify four screening limits--L1,
L2, L3, and L4. With these 1imits, the model selects a part type for the

' full-sub set if at least one of the following apply:

e The (input) depot repair cycle time for the part exceeds L1 days,
and the not repairable this station (NRTS) fraction exceeds zero.

e The (input) NRTS fraction for the part exceeds L2.

e The (input) retail repair time for the part exceeds L3.

e The (input) failure rate for the part exceeds L4.
c. Partial-substitution Algorithm Logic. Figure 2-4 shows the sequence
i of processing in Extended PARCOM for unconstrained cost requirements. The

sequence of operations is:

(1) Partition all part types into a full-sub set and a no-sub set as
defined in paragraph 2-4a.

i (2) Calculate the allowable NMCS aircraft for each day.
(3) For each day: ~:‘j;

(a) Generate all possible nonnegative integer combinations (AF, AN)
: (for full-sub and no-sub, respectively) such that AF + AN = allowable NMCS :
) aircraft for that day. )

(b) For each integer combination (AF, AN), compute a basic PARCOM L
full-sub solution over only the full-sub part set for the scenario through '
that day, assuming AF allowed NMCS aircraft (awaiting full-sub parts) for

. that day. Also compute a basic PARCOM no-sub solution over only the no-sub :
] part set for the scenario through that day, assuming AN allowed NMCS air- . )
craft (awaiting no-sub parts) for that day. Calculate the total solution

cost for the combination (AF, AN) as the sum of the costs for the full-sub

and no-sub solutions described above.

""l""
'
‘ata's 'a ak
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minimum total solution cost. This solution determines the requirements for - -
each part on that day and is called the day requirement. The combination

! (AF, AN) used in the selected solution then becomes the allowed stockout
used during cumulative (from Day 1) calculations on all succeeding scenario
days.

k (c) Select the solution for the combination (AF, AN) yielding the

(4) After all days are processed, select the largest (over all sce- .
F nario days) of the computed day requirements for each part as the overall

} requirement. The logic for computing a basic PARCOM solution is described

in paragraph 2-3. The above algorithm tends toward a least-cost solution

mix (assuming unconstrained funds) for the partial-substitution replacement

policy defined by the full-sub/no-sub partition of the part data base.

2-5. CONSTRAINED COST REQUIREMENTS ALGORITHM IN BASIC PARCOM. While the '
unconstrained cost solution is the one that best meets the flying program,

a full requirements buy may not be affordable if funds are limited. With

constrained costs, a user wishes to apply limited funds to buy a cost-

effective slice of the full requirements. Basic PARCOM only treated the ,
constrained cost case for a no-substitution policy. Neither full substi- )
tution nor partial substitution were addressed. Extended PARCOM incorpor-
ates a method for deriving cost-effective constrained cost requirements
under partial substitution.. For a no-substitution policy, the Extended
PARCOM constrained cost algorithm yields the same solution as the basic
PARCOM constrained cost algorithm. Since the Extended PARCOM algorithm
uses the constrained cost algorithm of basic PARCOM at one stage of its
computation, foundation logic from that predecessor model is presented
first. In basic PARCOM after the unconstrained cost no-substitution
requirements are computed, they become the basis for the constrained cost o
solution. A cost limit on spares is input along with the other scenario o
and objective data. A constrained cost parts mix can be constructed by the
simulated purchase, in order of increasing part unit cost, of the part
requirements for the unconstrained cost solution until the available funds
are exhausted. That would entail the procurement, within the fund limit,
of the largest possible number of affordable parts from the unconstrained
cost solution. However, another characteristic of such a constrained cost
parts mix is that it is the mix which has the fewest unbought (hence,
unstocked) items from the unconstrained cost solution. The basic PARCOM
algorithm, shown in Figure 2-5, arrives at its solution by calculating
unbought items. Initially, it "spends" the full cost of the unconstrained
cost requirements mix, assuming it to be the constrained cost solution.
Basic PARCOM subsequently selects the fewest number of items to remove from
that solution until the remaining parts mix is priced at the input cost :
1imit. Because the programed algorithm solves by "unbuying" items rather . )
than "buying” them, parts are processed in decreasing order of part unit :
cost. Notice that under a policy of no substitution, each unbought item

(regardless of part type) creates an NMCS aircraft. Therefore, our

constrained cost solution mix minimizes the instances of NMCS created by

the constrained funds. The solution tends, heuristically, toward the .
achievement of maximum cumulative flying hours. )

-

e

-y
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Figure 2-5. Basic PARCOM Requirements Computation Algorithm
for Constrained Cost with No Substitution

2-6. CONSTRAINED COST REQUIREMENTS ALGORITHMS IN EXTENDED PARCOM. Figure
2-6 shows the logic for constrained cost calculations in Extended PARCOM.
Since no single algorithm yielding optimum results for all cases was found,
the Extended PARCOM logic employs two separate algorithms represented by
the branches labeled "algorithm 1" and "algorithm 2" in the figure. These
algorithms compute separate trial solutions. Each computed solution is
assessed in terms of the fleet program flying hour productivity which it
contributes. The trial solution yielding the larger flying hour produc-
tivity is selected as the final solution. The component algorithms of
Figure 2-6 are explained below.
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a. Constrained Cost Algorithm 1 Solution. The previously computed o
unconstrained cost requirements solution is partitioned into the set of —
requirements for no-sub parts and the set of requirements for full-sub .
parts. In Figure 2-6, these are denoted as "no-sub part set only" and
“full-sub part set only." The "no-sub part set only" is taken as the o
unconstrained cost no-sub requirement which the basic PARCOM no-substi- T
tution constrained cost algorithm (Figure 2-5) operates on, using the ~
input-specified cost limit (LIM in Figure 2-6), to yield a cost effective .
solution mix of no-sub parts. From this procedure, there are two possible 1
outcomes: either the entire cost limit is spent, or only a portion of the :
cost limit is spent. Each outcome yields a different algorithm 1 solution
as follows:

(1) In the first outcome, the basic PARCOM solution mix cost, C, R
equals the cost 1imit. That mix of no-sub parts is then taken as the al- 3
gorithm 1 solution.

(2) In the second case, the cost of the basic PARCOM solution mix o
will be less than the cost limit. That solution mix is then assumed bought, )
and its associated cost, C, is assumed spent. The unspent portion, FLIM, =
of the cost limit is then calculated. Computation of the algorithm 1 B
solution then continues by using the FLIM dollars to buy the most cost-
effective portion of the "full-sub part set only," as follows:

(a) One product of the Extended PARCOM unconstrained cost solution
is a list showing, for each day, the cumulative total cost of all full-sub
parts in the unconstrained cost requirement for the scenario truncated at -
that day. Algorithm 1 determines D, the last day for which the associated
cumulative requirement cost of full-sub parts is less than or equal to the -
unspent funds, FLIM. iy

(b) Next, algorithm 1 generates an Extended PARCOM unconstrained
cost solution for the scenario truncated at that day. The full-sub parts I
required in that solution are denoted in Figure 2-6 as the "constrained '
cost requirements solution for full substitution." These full-sub parts
are combined with the no-sub solution mix previously bought to form the .
full algorithm 1 solution for the second case. B

b. Constrained Cost Algorithm 2 Solution. Figure 2-7 shows the logic -
of algorithm 2. One product of the Extended PARCOM unconstrained cost :
solution is a list showing, for each scenario day, the cumulative cost of

all parts (full-sub and no-sub) that would be required under unconstrained

cost if the war was truncated at that day. The algorithm determines D, the

last day on that list, for which the associated cost is less than or equal

to the input cost limit. Next, the algorithm operates Extended PARCOM in

the unconstrained cost mode for a scenario of length D. The resulting

(unconstrained cost) solution is taken as the algorithm 2 solution.
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Figure 2-6. Extended PARCOM Requirements Computation Algorithm
for Constrained Cost with Partial Substitution
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c. Solution Selection. The preferred solution mix, of those generated
by the two algorithms, is the one which yields the maximum program flying
hour productivity in the scenario. The model, therefore, does two separate
current inventory capability assessments based on each algorithm solution
being bought and stocked. The add-on solution requirement is assumed to be
added to the theater war reserve. The final constrained cost solution is
the one for which the associated capability assessment yields the larger
value for average fraction of total flying hour program achieved (Fl or F2
in Figure 2-6).

2-7. CAPABILITY ASSESSMENT OF UNCONSTRAINED COST SOLUTIONS. Figure 2-8
illustrates the Extended PARCOM computation algorithm for capability assess-
ment of the unconstrained cost requirements solutions. After an uncon-
strained cost solution mix is computed, Extended PARCOM generates a record
of daily and average fleet operational capability achievable by stocking
each computed requirement in the war reserve, i.e., the new initial inven-
tory is assumed to be the sum of the computed requirement and the original
initial inventory. For each computed unconstrained cost requirements mix,
the model generates a record of achieved daily and average aircraft avail-
ability and achieved flying hours per available aircraft per day. The
achieved program flying hours are simply the desired program flying hours,
by the definition of an unconstrained cost solution. Within the algorithm,
each day's calculations consist of a full-sub assessment phase and a no-sub
assessment phase, followed by a consolidated computation. Each full-sub
phase treats only NMCS aircraft created by stockouts of full-sub parts.

For a full-substitution policy, a single NMCS aircraft may have demands for
several different parts. In this case, the total number of NMCS aircraft
created is the largest value, over all full-sub parts, of the quotient of
net demand divided by QPA for each full-sub part type. The no-sub phase
treats only NMCS aircraft created by stockouts of no-sub parts. For a no-
substitution policy, each net demand creates a single NMCS aircraft. In
this case, the total number of NMCS aircraft created is the sum of net
demand over all no-sub parts. At the end of daily processing, the consol-
idated total NMCS aircraft for the day is calculated as the sum of the NMCS
aircraft results from the two phases. Under our definition of partial
substitution, each NMCS aircraft is down due to either at least one needed
full-sub part or to a single needed no-sub part, but not to a needed com-
bination of the two types. Therefore, the order of performing the phases
is irrelevant. For each day, the number of NMCS aircraft is subtracted
from the number of surviving aircraft to yield available aircraft.
Availability is then the ratio of available to surviving aircraft. Flying
hours per available aircraft is just the daily program flying hours divided
by the number of available aircraft for the day.
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Figure 2-8. Extended PARCOM Computation Algorithm for
Unconstrained Cost Capability Assessment
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2-8. CAPABILITY ASSESSMENT OF CONSTRAINED COST SOLUTION MIXES. Extended
PARCOM also generates the daily fleet availability and flying hour capa-
bility achieved with a constrained cost solution mix or with current inven-
tory. Computation logic is shown in Figure 2-9. By current inventory is
meant any user-specified inventory (with an add-on cost constraint of zero).
This is in contrast to the "required inventory" as assessed above. The
basic logic of assessment of current inventory in Extended PARCOM is the
same as in the basic PARCOM. With unconstrained cost, net demand was based
on the entire planned flying hour program being flown. For a constrained
cost or current inventory mix, some unknown (at first) number of hours will
be flown. That number must initially be estimated; and an iterative
approach, as shown in Figure 2-9, applied to determine NMCS aircraft,
availability, and achievable program flying hours. For each day, there-
fore, a starting estimate of flying hours flown is made. The starting
(first day's) estimate is the desired program flying hours. Then, net de-
mand, as based on the estimated flying hours, is computed, followed by
computation of implied NMCS aircraft ?generated by the estimated flying
hours), achievable flying hours (based on aircraft available if implied
NMCS aircraft are really NMCS), and flying hours per available aircraft.
The achievable flying hours are compared with the estimated flying hours
flown. If, based on input thresholds, they are close enough, the itera-
tions stop. Iterations also stop after an input-specified number of them
have been performed. If iterations continue, the calculations are repeated
based on a new starting estimate of flying hours equal to the average of
the estimated and the achieved flying hours. After iterations for a day
are completed, the available aircraft for the day and their flying hour
potential are calculated based on the last calculation of NMCS aircraft and
on the maximum flying hour potential per aircraft per day (an input).
Processing for the next day uses a starting estimate of flying hours equal
to the program flying hours for that day or the flying hour potential of
the surviving non-NMCS aircraft on that day, whichever is smaller.

2-9. EXAMPLE. The algorithm logic described in the previous paragraphs
can be better understood through use of a manual example. The tables to
follow portray a stylized but useful hypothetical example which utilizes
only "back-of-the envelope" calculations. The tables all apply to one case

and are presented in the same sequence as the model algorithms described in
the previous paragraph.
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or each day

Y

Set EFH (estimated
flying hrs) =
program flying
hrs for day

'A Tterate Set EFH =
.5 (EFH + AFH)

Using EFH, com-
pute total net
demand for day
over each
part set

¥

Compute NMCS acft
per day over each

part set., Compute

Iteration

total NMCS acft 1imit
reached?

| ]

Compute acft

availability =

(surviving-NMCS) acft
surviving ac

' Last No
day? Go to

Compute AFH ::xt
(achieugle flying y
hours) ) Yes

¥ Print average (1)

acft avatlability Minimum of (available acft x max flying

¢ te and achieved hours/acft/day) and (program fiying hours)
O'D?;H - AFHI flying hours
I=total pgm Tlying hrs

Figure 2-9. Extended PARCOM Computation Algorithm for Constrained
Cost/Current Inventory Capability Assessment

a. Parts Data Base. Tables 2-2 through 2-4 show a parts data base for
four part types. Recall that failure rate is in terms of failures per
flying hour, and QPA = number of parts installed per operational aircraft.
The last column of Table 2-4 is the computed repair cycle calculated from
the other data in that row; e.g., for Part 1 the repair cycle = 2 x 0ST +
depot repair time = 3 days. The repair cycle for a part is defined as the
average time between failure of a part and its (repaired) return to the
retail spare pool. Only the repair cycle entry will be used in succeeding

calculations because it includes the effects or the other data in Table
2-4.
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Table 2-2. Part Characteristic Data

Failure Unit Substitution
Part rate QPA cost class
(per fly ($)
hour)
1 .08 1 40 Full-sub
2 .02 1 50 Full-sub
3 .06 1 400 No-sub
4 .02 1 30 No-sub
Table 2-3. Initial Stock Distribution Data
Addition to initial stock
Part In-place Total
Day 1 Day 2 Day 3 Day 4 Day 5 { initial stock
1 90 40 40 40 40 250
2 6 1 1 1 1 10
3 220 10 10 10 10 260
4 30 0 0 0 0 30
Table 2-4. Part Repair Time Data
Depot | Retail Depot Retail Repair
Part 0sT repair | repair NRTS condemned | condemned cycle
(days) | time time (fraction) | (fraction) | (fraction) | (days)
(days) | (days)
1 1 1 0 1.00 0 0 3 33
2 0 0 3 .00 0 0 3 -
3 1 2 0 1.00 0 0 4 -
4 0 0 2 .00 0 0 2 1
¥
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b. Definition of Policy. As noted in Table 2-2, Part 1 and Part 2 are
designated for the full-sub ser while Part 3 and Part 4 comprise the no-sub
part set.

c. Scenario Data Base. Table 2-5 shows the scenario data for the case.

A 5-day "war" is shown. The aircraft status (deployed, lost) entries are

- for the start of the associated day of the war. Thus, for example, 50 air-

I craft are newly deployed at the start of day 2. By "cumulative aircraft
deployed" is meant all aircraft deployed in theater from the start of the
war through the given day. No aircraft are assumed withdrawn once deployed.
Computed “"cumulative aircraft surviving" entries are defined by the differ-
ence between "cumulative aircraft deployed" and "cumulative aircraft lost."
Since, for simplicity, our example shows a zero aircraft attrition rate,

r surviving aircraft are equal to deployed aircraft. The "program flying

2 hours" column gives the flying hour objective in terms of required program
flying hours for the fleet on each day. The last column gives the avail-
ability objective in terms of an input-specified daily minimum (fleet)
aircraft availability required each day. The input-specified "maximum
flying hours per aircraft per day" is also noted at the bottom of Table

; 2-5.
v Table 2-5. Scenario Data
|
Cumulative Cumulative Cumulative Program Minimum
Day aircraft aircraft aircraft flying aircraft
deployed lost surviving hours availability
. 1 150 0 150 500 .10
f 2 200 0 200 1,000 .09
: 3 200 0 200 1,000 .09
D
: 4 200 0 200 1,500 .09 T ]
N
5 200 0 200 1,500 .09 "
i Maximum flying hours per aircraft per day = 10. . f
Cost limit for constrained cost case = $2,300. X
Desired convergence (constrained cost) = 0. ,ﬂ
T e
j Maximum iterations (constrained cost) = 2. o
: 2-18 ~
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d. Calculation of Daily Allowable NMCS Aircraft. Table 2-6 shows re-
: sults of the calculation of allowable NMCS aircraft for each day. Each
| result in the rightmost column is the surviving aircraft minus the larger
of:

(1) The minimum aircraft required to achieve the daily flying hour
objective, for each day, computed as "program flying hours" divided by
"maximum flying hours per aircraft per day."

(2) The minimum aircraft required to achieve the daily availability
objective, for each day, computed as the product of "“surviving aircraft"
and "minimum aircraft availability." Component calculations for the first
day, using the data of Table 2-5, are shown.

Table 2-6. Calculation of Allowable NMCS Aircraft

d Minimum aircraft required
: Day Allowable
Flying hour Availability NMCS acft
objective objective

A 1 500/10 = 50 150*.10 = 15 150-50 = 100
2 100 18 100
3 100 18 100

i 4 150 18 50
5 150 18 50

e. Unconstrained Cost Residual Requirement. The full set of algorithmic
calculations is too complex to represent. The Extended PARCOM algorithm
consists of calculation and cost comparison of a large number of basic
PARCOM full-substitution and no-substitution solutions using the full-sub
and the no-sub part sets, respectively. However, two of these solutions
for one value of AF and the consequent values of AN (see Figure 2-4) which
serve 3as the base of the Extended PARCOM solution are illustrated below.
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(1) The full-sub solution with zero allowed stockouts (AF = 0) is
iliustrated in Tables 2-7 and 2-8 for those parts in the full-sub set.
Each "cumulative net demand" entry is just the "cumulative failures" minus
the sum of the "cumulative returning repairs" and the cumulative initial
stock distributed (from Table 2-3). "Cumulative failures" is based on the
program hours being flown and is computed by accumulating (over days) the
. product of failure rate, QPA, and program flying hours for each day (as
. taken from Tables 2-2 and 2-5). The "cumulative returning repairs" entries

are the "cumulative failures" entries lagged by 3 days (the repair cycle

from Table 2-4). Any condemnations (our case has none) would have to be
deducted from the Tagged failures. If R is the length of the repair cycle
for a part (see Table 2-4), Extended PARCOM treats all noncondemned failures
occurring by the start of day n as being returned to the retail spare pool
at the start of day n + R. If a part has both a depot repair cycle and a
retail repair cycle, Extended PARCOM would partition repairs over the two
cycles. In our simplified example, Part 1 has only a depot repair cycle of
3 days while Part 2 has only a retail repair cycle of 3 days. The "day
requirement" is calculated as the larger of zero and (cumulative net demand
minus allowable stockouts). Since this case has a zero allowed stockout,
' the day requirement is equal to the cumulative net demand. The overall
requirement for each part is determined as the largest value (over days) of
the "day reguirement" entries. It is circled in each table. Component
calculations are based on the data of Tables 2-2 through 2-6 and are shown
for the first day and, partly, for the last day. Because allowed stockouts
= 0 for this case, the solution shown is also an "NMCS = 0" solution in
basic PARCOM.

B =N B

B

S

S\ J

- Table 2-7. Unconstrained Cost Residual Requirement with
E Full-Substitution, Allowed Stockouts = 0 (Part 1)

Cumulative Cumulative Cumulative Cumulative
Day failures returning initial stk net demand
repairs distributed (= day rqmt)

1 .08*500=40 0 90 max (0,40-90) = 0
) 120 0 130 0
° 3 200 0 170 30 ]
4 320 40 210 70 |
5 440 120 250 440-370 =D

SRS
1
-

v,
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Table 2-8. Unconstrained Cost Residual Requirement with
Full Substitution, Allowed Stockouts = 0 (Part 2)

Cumulative Cumulative Cumulative Cumulative

Day failures returning initial stk net demand

repairs distributed (= day rqmt)
1 .02*500=12 0 6 max (0, 10-6) = 4
2 o 0 7 23
3 50U 0 8 42
4 30 10 9 61

5 11V 30 10 110-40 =00

PEPO

(2) The no-sub solution from basic PARCOM is shown in Tables 2-9 and
2-10 for those parts in the no-sub set. The tables are presented in the
required sequence of computations, i.e., the more expensive no-sub part
(Part 3) is processed first. The "cumulative net demand" is computed in
the same way as for Part 1 and Part 2 above. The day requirement is just
the cumulative net demand (the shortage on that day) minus the allowable
stockout (the allowed shortage) for that day (but not less than zero).
Under no substitution, daily allowed stockout is equal to daily allowable
NMCS aircraft (computed in Table 2-6). The overall Part 3 requirement is
the circled largest day requirement. The Part 3 requirement is treated as
"purchased" during further processing (for other no-sub part requirements).
Table 2-10 shows the calculation of the next no-sub part requirement which
must be for the next most expensive no-sub part (i.e., Part 4 in our
example). The purchase of the Part 3 requirement augments the initial
inventory for that part. Therefore, the old cumulative net demand for Part
3 in Table 2-9 is reduced by the purchased requirement for that part to
generate the new cumulative net demand for that part. Since the computed
requirement was zero, the new cumulative net demand for Part 3 equals the
0old cumulative net demand in this example. The new cumulative net demand
for Part 3 is also the number of stockouts which must be allocated to that
part. For a no-substitution policy, the total allowed stockout consists of
the summed stockouts over all parts treated. For each day, the cumulative
net demand for Part 3 acts as a "lock" or "claimant" on the same number of
stockouts in the original allowable stockout. Requirements for Part 4 can
only be based on the unallocated allowable stockout, tabulated in Table
2-10, which is the original allowed stockout minus all "claimant" stockouts
(net demands) from parts already processed (from Part 3 in this example).
Since the Part 4 requirement is not yet "purchased" (it is being computed),
the cumulative net demand entries for Part 4 in Table 2-10 are computed in
the same manner as in Tables 2-7 and 2-8, using the initial stock distri-
bution of Table 2-3. The day requirement in Table 2-10 is calculated as
the cumulative net demand for Part 4 minus the unallocated allowable
stockout.
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As before, the overall requirement (circled) is the largest of the day

requirements.

The Part 4 requirement would be assumed purchased, and the
process would be continued with less expensive no-sub parts (if any).

Each

successive calculation would use an unallocated allowable stockout equal to
the original allowable stockout reduced by the sum total of allocated stock-
outs reflected in purchases of parts already processed.

Table 2-9. Unconstrained Cost Residual Requirement
with No Substitution (Part 3)
Cum Cum Cum
Cum return init net Allowed Day
Day failures repairs stock demand stockout rqgmt
1 30 0 220 0 100 0
2 90 0 230 0 100 0
3 150 0 240 0 100 0
4 240 0 250 0 50 0
5 330 30 260 40 50 O
Table 2-10. Unconstrained Cost Residual Requirement with
No Substitution (Part 4)
Part 3 (new Cumulative net Unallocated
cum net demand allowable Day

Day demand) (Part 4) stockouts rqmt

1 0 0 100-0 = 100 0
2 0 0 100-0 = 100 0
3 0 10 100-0 = 100 0
4 0 20 50-0 = 50 0
5 40-0 = 40 30 50-40 = 10 30-10 =G0
2-22
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(3) After the above solutions are computed, they become tha basis for
the partial-substitution algorithm calculations for Day 5 shown in Table
2-11. The following comments apply:

(a) To simplify computations, the only combinations (AF, AN) shown
are multiples of 10. Since, from Table 2-6, total allowed NMCS aircraft on

Day 5 from all parts must equal 50, the sum of AF and AN in Table 2-11 must
be 50.

‘ (b) For AF = 0 on Day 5, the solution for the full-sub part set is
70 for Part 1 and 70 for Part 2 (Tables 2-7 and 2-8, respectively). These
' are also the requirements for these parts under an "NMCS = 0" policy in
h: basic PARCOM.
i
1

(c) For values of AF greater than 0, solutions for the full-sub
parts set are obtained by subtracting AF x QPA (= AF since QPA =1 in this
example) units from each part requirement in the "AF = 0" solution (since
] each reduction of parts stock by its QPA units creates QPA backorders which,
E. in turn, correspond to one NMCS aircraft).

v (d) The no-sub solution for AN (allowed NMCS aircraft for the no-
& sub set) = 50 on Day 5 is computed in Tables 2-9 and 2-10. For AN less

' than 50, a no-sub solution is obtained, as seen in Table 2-11, by adding
(50 -AN) units to the computed stock requirement for the cheapest item(s)
in the "AN = 50" solution in the following manner. Units are added first
to the computed requirement for the cheapest part, up to the level of cumu-
lative net demand for that part, after which further units are added to the
computed requirement for the next cheapest part, in the same manner. Using
this technique, each increase of one unit eliminates a backorder and cor-
responds to one less NMCS aircraft.

(e) The minimum combined (total) solution cost ($6,300) is marked
in Table 2-11. The combined parts requirement for the associated (AF, AN)
combination is the day requirement for Day 5. If (as assumed in this
example) Day 5 has the largest day requirement, then that day requirement
is also the overall minimum cost solution for our partial-substitution
example.
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Table 2-11.

Calculations for Day 5

Unconstrained Cost Residual Requirement

Full-sub No-sub Comb ined
Combined AF solution Cost AN solution Cost solution
solution pt 1/pt 2 ($) pt 3/pt 4 ($) cost
$40/%50 $400/%$30 ($)
1 0 70/70 6,300 50 0/20 600 6,900
2 10 60/60 5,400 40 0/30 900
3 20 50/50 4,500 40 10/30 4,900 9,400
4 4 30 40/40 3,600 20 20/30 8,900 12,500
ﬁ 5 40 30/30 2,700 10 30/30 12,900 15,600
#’ 6 50 20/20 1,800 0 40/30 16,900 13,700
Minimum cost solution = Pt 1 Pt 2 Pt3 Ptd

60 60 0 30
(assuming Day 5 has max day requirement).

f. Capability Assessment of the Unconstrained Cost Solution. Tables
2-12a and b shows the Extended PARCOM capability assessment calculation of
the effects of stocking the requirements computed in Table 2-11. Each
day's calculations entail a full-sub assessment phase and a no-sub
assessment phase, operating on the full-sub part set (Parts 1 and 2) and
the no-sub part set (Parts 3 and 4), respectively. During the full-sub
phase, NMCS aircraft from failed full-sub parts is determined as the larger
of the (cumulative net demand/QPA) entries over Parts 1 and 2, where
cumulative net demand is based on initial inventory as augmented by the
computed requirement from Table 2-11. Therefore, the entries for Parts 1
and 2 consist of the cumulative net demand entries from Tables 2-7 and 2-3
reduced by the value of the computed requirements. During the no-sub
phase, NMCS aircraft from failed no-sub parts are determined as the sum of
the cumulative net demand entries for Parts 3 and 4, where cumulative net
demand is based on initial inventory as augmented by the computed
requirements. Under the assumed definition of partial substitution, each
NMCS aircraft is "down" due to either at least one needed full-sub part or
a single needed no-sub part, but not to a needed combination of the two
types. Therefore, the order of performing the phases is irrelevant. On
each day, after the two NMCS aircraft calculation phases are completed, the

2-24




P ',"A"'.*.”‘ AR AL A A S S S AP SN S B A e S O A S e ey e P Ak SR R M B i e vy
- . - e S . - - . ;o .

CAA-D-85-3

sum of the two results yields the total NMCS aircraft for the day (Table 2- T
12b). This value divided by surviving aircraft on that day determines the '
fraction NMCS. Subtracting this fraction NMCS from 1.00 yields aircraft
availability for the day. Flying hours per (available) aircraft per day
are calculated by dividing the program flying hours for each day (see Table
2-5) by the number of available aircraft on that day. Average availability
is constructed by weighting daily availabilities by the daily surviving
aircraft. Average flying hours per (available) aircraft per day are
weighted by the available aircraft on each day.

Table 2-12a. Capability Assessment for Unconstrained
Cost Residual Requirementd

%. Cum net Cum net Cum net | Cum net NMCS Ll
g Day | PhaseP | demand/QPA demand/QPA demand demand | aircraft o
- Part 1 Part 2 Part 3 Part 4 Y
1 s 0 0 -- - 0 -
NS - - 0 0 0 L
2 FS 0 0 -- - 0 e
NS -- -- 0 0 0 T
3 Fs 0 0 -- - 0 -
NS - - 0 0 0
4 FS 70-60=10 61-60=1 -- - 10
NS - - 0 0 0
5 FS 70-60=10 0 -- - 10 -
NS -- -- 40 0 40
dResidual requirement (60,60,0,30) is added to initial war reserve
stock.
bFS = Full-sub phase (processes full-sub part set) o
NS = No-sub phase (processes no-sub part set)
2-25 &
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Table 2-12b. Capability Assessment for Unconstrained
Cost Residual Requirement
Total Program
Day NMCS Surviving Aircraft flying }
aircraft aircraft availability hours/acft/day »
1 0 150 1.00 3.3 S
2 0 200 1.00 5.0 S
)
3 0 200 1.00 5.0 :
- 4 10+0=10 200 190/200=.95 7.9 7
5 10+40=50 200 .75 10.0 .
?
Average availability = .94
Average flying hours/aircraft/day = 6.2 :

g. Capability Assessment of Current Inventory/Constrained Cost Case.
Since the same algorithm applies to capability assessment of current
inventory and of a constrained cost solution, only assessment of current 4 .
inventory will be detailed here. Tables 2-13a, b, and c show the calcu-
lations for this case. As before, calculation of daily NMCS aircraft
is done in two phases. Now, however, each phase of each day employs a
series of iterative calculations, as explained in paragraph 2-8, beginning
with an "estimated flying hours flown" and, based on that estimate, calcu-
lating an "achieved flying hours" value. Iterations continue until esti- ’ L
mated and achieved flying hours are close together or until a specified .
number of iterations have been performed. Some essential explanatory
comments follow the tables.




T T TN W ——— KXariinrd et -

CAA-D-85-3
Table 2-13a. Capability Assessment of Current Inventory
Est fly Cum net | Cum net { Cum net | Cum net | NMCS
Day {Iteration | Phase hrs dmd/QPA | dmd/QPA | demand | demand | acft
Part 1 | Part 2 | Part 3 | Part 4
1 1 FS 500 0 4 -- -- 4
1 NS 500 -- -- 0 0 0
2 1 FS 1,000 0 23 -- -- 23
1 NS 1,000 0 - 0 0 0
3 1 FS 1,000 0 42 -- ~- 12
1 NS 1,000 -- - 0 10 10
4 1 FS 1,500 70 61 -- -- 70
1 NS 1,500 -~ -- 0 20 20 ,
2 FS 1,300 54 57 -- - 57 "
2 NS 1,300 -~ -- 0 16 16
5 1 FS 1,270 36 61 -- - 6l
1 NS 1,270 -- - 14 21 35
2 FS 1,165 27 59 -- -- 59 .
2 NS 1,165 -- - 8 19 27
Table 2-13b. Capability Assessment of Current Inventory - ;_
Total Avail Achieved (EFH-AFH)/
Day Itera- NMCS aircraft flying hrs (average day FHP)a
tion aircraft
1 1 4 146 500 0
2 1 23 177 1,000 0
3 1 52 148 1,000 0
4 1 90 110 1,100 .36
2 73 127 1,270 .03
5 1 96 104 1,040 21
2 86 114 1,140 .02

dAverage flying hour program (FHP) = 1,100 flying hrs/day.

2-27




................

CAA-D-85-3

Table 2-13c. Capability Assessment of Current Inventory

y Day Survivinga Aircraft Fraction Program
- aircraft avail flying program flying
. achieved hrs/acft/day
h
i 1 150 .97 1.00 3.4
2 200 .88 1.00 5.6
s 3 200 .74 1.00 6.8
? 4 200 .63 .85 10.0
; 5 200 .57 .76 10.0
i 3From the scenario data (Table 2-5).
g

(1) Estimated flying hours on the first iteration of each day are

equal to the daily program hours (Table 2-5) or the flying hour potential
of surviving non-NMCS aircraft, whichever is smaller. Surviving non-NMCS
aircraft are the difference between cumulative aircraft surviving (Table
2-5) and the total NMCS aircraft computed on the last iteration of the pre-
ceding page. The associated flying hour potential is the product of this
difference and the maximum flying hours/aircraft/day from Table 2-5.

(2) The cumulative net demand entries in Table 2-13a are calculated
based on the estimated flying hours of each day and iteration. Thus, as
long as estimated flying hours equal the flying program these values are
identical to the cumulative net demand entries of Tables 2-7 through 2-10 B
(which are based on the program hours). This applies through Day 3 in the AR
example. Entries for subsequent days can be determined by subtracting
(failure rate x cumulative flying hour deficit) from the appropriate entry
in Tables 2-7 through 2-10. For example, on iteration 2 of Day 4, the
estimate is 1,300 program hours, representing a deficit of 200 hours from
the daily program. Thus, the associated cumulative net demand entry for S
Part 1 is 200 x .08 = 16 less than the cumulative demand entry (70) of T
Table 2-7. Similarly, the Part 2 entry is 200 x .02 = 4 less than the Day S S
4 net demand entry (61) of Table 2-8. On Day 5, iteration 2, the cumula- o
tive flying hour deficit is the sum of the deficits from the last itera- e
tions for Days 4 and 5, viz (1,500 - 1,300) + (1,500 - 1,165) = 535 hours. e
The above adjustment technique is a short-cut which yields the same answer N
as direct calculation. o
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(3) The "NMCS aircraft" column of Table 2-13a is just the larger of
the "cum net demand/QPA" values for the full-sub set and phase, and is the
sum of the "cum net demand" entries for the no-sub set and phase.

(4) "Total NMCS aircraft" in Table 2-13b is just the sum of the NMCS
aircraft from each phase.

(5) Available aircraft are computed as (surviving aircraft - total
NMCS aircraft), where surviving aircraft is from the scenario data (Table
2-5) .

(6) Achieved daily flying hours is just the smaller of (avail acft x
10) and the daily flying program. Recall that maximum flying hours/acft/
day = 10.

(7) Program flying hours/acft/day is, from Table 2-13c, the quotient
of the achieved flying hours and the available aircraft.

(8) The (EFH-AFH)/(avg daily FHP) column of Table 2-13b is a
"closeness measure." EFH denotes estimated flying hours while AFH denotes
achieved flying hours. Their difference is divided by the average program
flying hours per day for the scenario. If this is small enough, iterations
terminate. Since Table 2-5 specified "desired convergence = 0," estimated
flying hours must equal achieved flying hours in order for iterations to
terminate due to closeness. When EFH does not equal AFH, daily interations
continue up to the maximum iteration limit (2) specified in Table 2-5. If
iterations continue, the average of estimated and achieved flying hours for
this iteration becomes the estimated flying hours for the next iteration.
Thus, (1,500 + 1,100)/2 = 1,300 hours is the estimated flying hours for
iteration 2 of Day 4.

(9) Daily aircraft availability in Table 2-13c is calculated as the
ratio of computed available aircraft (from the last daily iteration of the
previous section of the table (2-13b) and surviving aircraft. Daily
fraction flying program achieved is the achieved daily flying hours (from
the last iteration) divided by the program hours.

h. Constrained Cost Residual Requirement Solution. Two algorithms are
applied, and the better solution (in terms of flying hour productivity) is
chosen. The starting base for each algorithm is the unconstrained cost
solution (Table 2-11). From Table 2-5, the residual cost limit is $2,300.
The complete calculations for the example case are too complex to represent
here; however, the following steps illustrate algorithm application:

(1) Algorithm 1 (para 2-6a) first applies the constrained cost al-
gorithm of basic PARCOM (para 2-5) to the no-sub parts in the unconstrained
cost solution using the input cost 1imit ($2,300). Any money "left over"
is applied to buy a cost-effective slice of the full-sub parts in the un-
constrained cost solution. Since the cost limit exceeds the price of the
no-sub part set in the example unconstrained cost solution ($900 = 0 x 4Q0
+ 30 x 30), the basic PARCOM no-sub solution is the entire no-sub solution
set, and $1,400 is left over to buy full-sub parts. To obtain a cost-
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effective slice from this, Table 2-14 is used. The "full-sub parts" column
shows, for each day, the cost of the full-sub parts in the total uncon-
strained cost requirements solution for the scenario truncated at that day.
Extended PARCOM internally operates with this table. Such a "dollar vs
day" table shows the full-sub portion of total requirements cost through
each day. From the table, the day with associated full-sub parts cost
closest to (but no more than) the money left over ($1,400) is Day 4, with a
full-sub cost of $1,350. Extended PARCOM then generates a standard uncon-
strained cost solution (as in Table 2-11) for the example with a 4-day
scenario. The full-sub parts in that solution are extracted and merged
with the no-sub parts found earlier. The resulting merged solution is
shown in Table 2-15. Extended PARCOM then applies the capability assess-
ment algorithm for current inventory/constrained cost to generate the fleet
capability assessment resulting from adding the algorithm 1 solution to
current inventory. The resulting average fraction flying program achieved
(.947) is noted for later use.

(2) Algorithm 2 (Figure 2-7) is similar to the second phase of
algorithm 1 except that it operates on all parts. Table 2-14 shows the
residual requirement costs (all parts) through each day. Day 4 is the day
for which the associated cost ($1,950) is closest to (but does not exceed)
the input cost limit ($2,300). Extended PARCOM then generates a standard
unconstrained cost solution for the example with a 4-day scenario. That
solution (shown in Table 2-16) is the algorithm 2 solution. A capability
assessment is again done, but with the algorithm 2 requirement added to
current inventory. The resulting average fraction flying program achieved
is .946 of the required program.

Table 2-14. Residual Requirement Costs Through Given Day

Day Full-substitution No-substitution A1l parts
parts ($) parts ($) ($)
1 0 0 0
2 0 0 0
3 4] 0 0
4 1,350 600 1,950
5 5,400 900 6,300
2-30
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Table 2-15. Algorithm 1 Constrained Cost Solution

Full substitution No substitution
Part Requirement Part Requirement
1 20 3 0
2 11 4 30

Table 2-16. Algorithm 2 Constrained Cost Solution

Full substitution No substitution
Part Requirement Part Requirement
1 20 3 0
2 11 4 20

(3) The solution yielding the higher average fraction flying program
achieved is then selected as the overall solution. For the exampie, the
algorithm 1 solution is chosen as the final solution. The already-computed
algorithm 1 capability assessment then applies.

(4) Note that the solutions generally only approximate the input cost
limit. The approximation is necessary because the full-sub part require-
ments are determined by incrementing over whole (i.e., nonfractional) days
of flying program sustainability. For very small problems, such as in the
example, the approximation may be poor in dollar terms. However, the solu-
tion cost is usually closer to the cost limit in large problems. In all
cases, the difference between the solution cost and the cost Timit must be
Tess than a single extra day of flying program sustainability.
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CHAPTER 3
. OPERATIONAL CONSIDERATIONS AND CAVEATS

3-1. CASE OBJECTIVES. The user can specify a flying hour objective in
conjunction with an aircraft availability objective. For each of these,

| . one of two subobjectives is selected. The associated case types are noted
below.

a. Maximizing Cumulative Flying Hours Achieved. This flying hour ob-
Jjective is always operating when running a constrained cost case. It
entails the direct determination of the parts mix which will yield the
greatest number of achieved flying hours for a specified cost limit. The
flying hours achieved will be less than the desired flying hour program if
the cost limit is less than the cost of the unconstrained cost solution
mix.

b. Maximizing Consecutive Daily Program Flying Hours Achieved. This
) flying hour objective is relevant only to constrained cost cases since, for
unconstrained cost cases, achieved flying hours = program flying hours.
Obtaining a solution with this objective is a two-stage process. First,
the user runs Extended PARCOM in an unconstrained cost mode for the full
wartime period. The output list from that run shows, for each day, the
cumulative cost of the add-on parts that would have been required if the
war had been truncated at that day. D, the last day on that list for which
the associated cost is less than or equal to the cost limit of the con-
strained cost case, is then the maximum number of consecutive days of 100
percent flying program sustainability with "cost 1imit" spares dollars.
Next, to get the solution mix associated with D, Extended PARCOM is rerun,
in the unconstrained cost mode, with a truncated war of D days length.

c. Minimum Specified Daily Aircraft Availability. This objective is in
addition to any flying hour objective and is operative in all cases. The
availability objective may increase the demand for available aircraft be-
yond those required to achieve the flying program. The input availability
constraints are, as described previously, used to calculate daily allowed

) NMCS aircraft, which, in turn, are used in all case calculations.

d. No Specified Aircraft Availability. Extended PARCOM must always
read in values for minimum daily aircraft availability objectives. How-
ever, entering blank or zero equates to not specifying an availability
objective.

3-1
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3-2. CAPABILITY ASSESSMENT. Normally, Extended PARCOM capability assess-
ments are performed after add-on requirements are determined for both un-
constrained and constrained cost cases. In the unconstrained cost cases,
flying hour and availability goals are fully met, so the assessed achieve-
ments are simply the same as the goals. However, average availability over
the course of the war, which cannot be input as a goal, is also determined.
For constrained cost cases, days of sustainability, fraction of daily and
total flying hour program achieved, and daily and average aircraft avail-
abilities are determined. At times, however, it is also desirable to be
able to assess the degree to which an aircraft fleet, with its current or
some other starting inventory (and no add-ons), can meet specified flying
or availability goals. This can be done in Extended PARCOM for a variety
of user-specified partial-substitution replacement policies. An assessment
under the policy specified for requirements cases is always generated.
However, the user may define a number of other partial-substitution poli-
cies for which individual current inventory capability assessments are
desired from a single model "run." The partial-substitution policies are
specified in terms of the partition of the parts data base into full-sub
and no-sub part sets.

3-3. IMPACT OF PARTS DISTRIBUTION OVER TIME. The distribution of parts
over time, as opposed to front loading of stocks, has no effect on Extended
PARCOM results if all initial assets reach retail before they are required
(as replacements). An ideally efficient stockage and transportation system
will achijeve this. Parts distribution over time may effect an increase in
requirements, relative to front loading, if initial assets are sufficiently
delayed so that they do not arrive in retail before all retail stocks are
drawn down. In effect, such delayed assets may have their usefulness
negated because they are in the wrong place at the wrong time. Similarly,
the effect of such delays on capability assessment of current inventory may
be a decrease in the period over which the flying program can be contin-
uously sustained.

3-4. CAVEATS AND LIMITATIONS. The principal caveats and limitations on
use of the Extended PARCOM Model, as applied in the study, are discussed
below. Program modification and/or restructuring is required to extend

model capabilities beyond the cited limits.

a. Number of Part Types Processed. The Extended PARCOM Model version
demonstrated at the US Army Concepts Analysis Agency (CAA) can process at
most 300 different part types. Simple (but memory consuming) modifications
to the structure of the program can significantly increase this capacity.

b. Restrictive Partial-Substitution Policy Definition. Extended PARCOM
only treats one concept of partial substitution. Other concepts may not be
adaptable to the model methodology. The deterministic (as opposed to
stochastic) nature of the model limits the range of processes which can be
"added on."

3-2
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c. Only Two Centralized Supply Levels. Extended PARCOM shares the
Overview Model "world view" of a retail level and a wholesale level. With
full substitution, each level has full cross-leveling (lateral transfer-
ability) of parts.

d. No Indenture Levels. Part types in the Extended PARCOM (and
Overview) data base are nonoverlapping modular units, i.e., no part is a
subcomponent of another listed part type. Use of indentured data is not
processable in Extended PARCOM.

e. No Direct Maintenance Modeling. As with Overview, Extended PARCOM
treats maintenance only indirectly, by incorporation into the repair time
or by using an aircraft deployment/attrition data base, which is adjusted
for aircraft down ("lost”) due to maintenance constraints. Such adjust-
ments could be based on results of a separate high-resolution simulation
model which previously processed a "slice" of the scenario.

f. No Stochastic Results. A1l Extended PARCOM results are "expected
value." Neither input nor results have variable probabilistic aspects
(e.g., confidence levels). Safety levels would have to be treated sep-
arately as an add-on to Extended PARCOM quantities. However, use of
expected values is meaningful for comparisons and parametric evaluations.
Methodology for incorporating stochastic considerations into Extended
PARCOM would be complex. Conversion of the model into a stochastic
simulation could entail high risk for an uncertain payoff.

3-3
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Subroutine CCCAP

MODULE FUNCTIONS.
of Extended PARCOM.
function.
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CHAPTER 4

POTENTIAL PROGRAM MODIFICATION

Figure 4-1 shows the main and subprogram modules
The subprograms consist of seven subroutines and one

A summary of operational purpose is given below for each module.
Details of module operations can be read in the commented FORTRAN code for
Extended PARCOM presented in Appendix A.

Subroutine DIST

Distributes initial
stock over time

Subroutine CCLIST

Computes capability
assessment for constr

cast solution and L1 compute constr cost
for current inventory >

Main ‘ Program rqmts solution

Prints constr cost

f

Read data, S e
call subroutines,

rqmt and capability Subroutine MAXC ’
assessment {curr inv)

Subroutine | UCCAP

Computes capability
assessment for unconstr
cost solution

—— unconstr cost rqmt

Function LR

Finds subscript of
largest member
of an array

Subroutine UCRQPS

Computes, prints

solution

Subroutine1 NCRNC

Computes

cumulative net
demand for part

Computes no-sub

e rqmt solution for
no-sub part set

Figure 4-1. Extended PARCOM Subprogram Modules
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a. Main Program. The Extended PARCOM main program:

(1) Reads in all part and scenario data.

(2) Prints summaries of the part and scenarijo data input.

(3) Calls subroutine MAXC to order the part data base by part unit
cost.

(4) Calls subroutine DIST to distribute initial stock over time.

unconstrained cost case.

(6) Calis subroutine UCCAP to compute capability assessment of the
unconstrained cost solution mix.

(7) Computes requirements and costs for the constrained cost case.
(8) Calls subroutine CCLIST to print the constrained cost solution.

(9) Calls subroutine CCCAP to compute capability assessment for the
constrained cost solution.

(10) Calls subroutine CCCAP to compute capability assessment of
current inventory with various user-specified partial-substitution
policies.

b. Subroutine UCRQPS. Subroutine UCRQPS is called only by the main
program. [t computes and prints the least-cost requirements mix of spare
parts needed to achieve the case objective, given unconstrained funds. In
addition to computing the unconstrained cost requirement, the subroutine
operation is a part of the constrained cost requirements algorithm in the
main program. Subroutine UCRQPS calls:

(1) Subroutine NCRNC which computes unconstrained cost no-sub
requirements solutions over only the no-sub part set. These solutions are
used by the partial-substitution requirements algorithm.

(2) Function SR which is used to compute cumulative net demand for
each part.

(3) Subroutine MAXC which is used to order computed requirements
either in order of part unit cost or in order of amount of requirement.

c. Subroutine UCCAP. Subroutine UCCAP is called by the main program
and calls function SR. It computes fleet capability (average availability,
average program flying hours/aircraft/day) based on the unconstrained cost
solution being stocked in the war reserve.

4-2
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d. Subroutine CCCAP. Subroutine CCCAP is called by the main program '
and calls function SR. It computes fleet capability assessment based on - -
the constrained cost solution being stocked in the war reserve. It is also
called by the main program to compute capability assessments of current
inventory for a series of user-specified partial-substitution policies.

. T'T'T'T"m"‘" i ".‘T‘_':r,r,

e. Subroutine CCLIST. Subroutine CCLIST is called by the main program L
to print the constrained cost requirements solution. It calls subroutine 2
MAXC for use in ordering the requirements list.

f. Subroutine DIST. Subroutine DIST is called by the main program and
calls no external routines. It distributes the initial spares stock of a
part type over a user-specified series of 5-day intervals.

g. Subroutine MAXC. Subroutine MAXC is called by the main program, by
subroutine UCRQPS, and by subroutine CCLIST. It calls no external routines.
This subroutine finds the largest member of a subscripted array. It is
useful in rank-ordering a list according to the numeric value of a list
attribute.

h. Subroutine NCRNC. Subroutine NCRNC is called by subroutine UCRQPS
and calls function SR. It calculates a basic PARCOM unconstrained cost
requirements solution for a no-substitution replacement policy. Its opera-
tion is an element of the Extended PARCOM partial-substitution requirements
algorithm.

i. Function SR. Function SR is called by subroutine UCRQPS, by sub-
routine NCRNC, by subroutine UCCAP, and by subroutine CCCAP. No external
routines are called. This function calculates the cumulative net demand
through a specified day for a specified part based on a specified flying
program. A zero initial inventory is assumed in this calculation.

4-2. ARRAY STORAGE. Definitions and sizes of Extended PARCOM array
variables are given in the comments of the program code displayed in
Appendix A. The types of arrays are local, as defined by DIMENSION
statements, common, as defined by unlabeled COMMON, and character, as
defined by CHARACTER declarations. Character variables occupy four words
per entry in Extended PARCOM while other arrays require only one word per
entry. During execution on the Sperry 1100/82 computer, Extended PARCOM T
occupies 47,000 words of memory. T

4-3. EXTENSION OF DAY LIMIT. In the Extended PARCOM version delivered by
CAA, 17 single-subscript arrays and 2 double-subscript arrays are defined

in terms of the maximum number of days in the scenario. The current limit
is 120 days. Those arrays of size 120 may be increased in size (through o]
user reprograming) to the scenario length desired insofar as computer T
memory permits. The arrays associated with the day 1imit, their dimen-
sions, and the routines defining them are listed in Table 4-1.
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Table 4-1. Extended PARCOM Arrays with a Day Limit Dimension

Array Routine Array Routine Array Routine
AC(120) COMMON DCOST1(120) COMMON FHR(120) COMMON
ALLOW1(120)  COMMON DCOSTF(120) COMMON IFHC(120) COMMON
ALLOWB(120)  COMMON FHA(120) COMMON RNC(120) COMMON
ALR(120) Main FHNC(120) CCCAP SM(120,100)  COMMON
ASURV(120) COMMON FHNZ(120) CCCAP SUMB(120) COMMON
AVM(120) COMMON FHPAPD(3,120)  COMMON SUMBZ(120) NCRNC

SUMP(120) NCRNC

4-4, EXTENSION OF TOTAL PARTS LIMIT. In the Extended PARCOM version
delivered by CAA, 37 single-subscript arrays and 1 double-subscript array
are defined in terms of the maximum number of parts to be processed. The
current limit is 300 parts. Those arrays of size 300 may be increased in
size (through user reprograming) to any limit permitted by computer memory.
The arrays associated with the parts limit and the routines defining them
are shown in Table 4-2.

4-5. CAVEATS. If the day and/or parts limits are increased, the process-
ing time required for Extended PARCOM requirements run execution increases
by at least the product of the two Timit multipliers, i.e., doubling the

day limit and the part 1imit will at least quadruple processing time. The
reader should note that capability assessments without requirements calcu-

lations (a user option) are much faster than executions with requirements
calculations.
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Table 4-2. Extended PARCOM Arrays with a Parts Limit Dimension

Array Routine Array Routine Array Routine
ADESC(300) COMMON DCY(300) COMMON PTDEP(300,24) COMMON . -
AMSN(300) COMMON OF (300) COMMON QPA(300) COMMON " B
BC(300) Main OMD (300) COMMON RNCS(300) COMMON |
BCY(300) COMMON DMDT(300) CCCAP SRMAX1(300)  COMMON BRE
BF(300) COMMON D0D(300) COMMON STK(300) COMMON f*‘;
CDMDA(300) COMMON DSER(300) Main TRNCS(300) COMMON A
CF(300) COMMON DUNSER(300) Main TSTK(300) COMMON S
CLASS(300) Main FR(300) Main RMIN(300) UCRQPS f;;;
CNCS(300) COMMON IFS(300) COMMON WRES(300) Main s
COST(300) COMMON INS(300) COMMON WRESU(300) Main
CRNCS(300) COMMON IRC(300) COMMON XRNCS (300) Main )
DAY1D(300) Main IRO(300) COMMON ZNRT(300) Main .
DC(300) Main 0ST(300) Main
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APPENDIX A

MAIN PROGRAM
,k SUBROUTINE CCCAP
SUBROUTINE CCLIST
SUBROUTINE DIST
h SUBROUTINE MAXC
SUBROUTINE NCRNCT
{.:: SUBROUTINE UCCAP
{'—, SUBROUTINE UCRQPS

FUNCTION SR

...................................
.......

EXTENDED PARCOM PROGRAM SOURCE CODE

...................
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pages A-3 thru A-20
pages A-21 thru A-25
pages A-27 thru A-29 _?

pages A-31 and A-32 e
page A-33 -
pages A-35 thru A-37

pages A-39 thru A-42

pages A-43 thru A-48 - .

i

pages A-49 and A-50 *
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31 € ostTem 300 REAL  ORDER/SHIP TIME (DAYS) FOR PART J L
s £ (=INPUT-SPECIFIED OST o ADDOST) NGNS
H € Prin 28 REAL AMOUNT OF PART J DEPLOYED AFTER DAY 1 AND RN
g: g BETHMEEN DAY SsK-a AND DAY Sex S
89 € JRES(J) 300 REAL AMOUNT OF SERVICEABLE INITIAL WAR RESERVE FOR =
30 ¢ PART J -7
92 ¢ WRESULJD 300 REAL AMOUNT OF UNSERVICEABLE INITIAL WAR RESERVE FOR g
93 ¢ PART ¥
95 C XRNCS1J) 300 REAL ARRAY FOR TEMPORARILY STORING THE CONS TRAINED
96 ¢ COST SOLUTION REQWT COMPUTED BY THE CONSTR
34 ¢ COST ALEORITHR 1 FOR PART Je
99 € ZLosSI1) 61 REAL  NUMBER OF DAILY AC LOSSES BY ATTRITION
00 ¢ DURING I-TH TIME INTERVAL (IDAYC(I) TO
a1 ¢ IDAY(I 1))
03 C ZNRTLJ) 300 REAL  NRYS (NOT REPAIRABLE TMIS STATION) FRACTION
aa ¢ FOR PART J « THIS IS THE FRACTION OF FAILURES
gs ¢ VHICH ARE SENT TO DEPOT FOR REPAIR.
.
H C COMMON BLOCK (UNLABELED) ENTRIES
11 ¢
12 € NanE DIMENSION TYPE DESCRIPTION
14 ¢
s € aciD 120 REAL  NR ACFT DEPLOYED ON DAY I
17 € ACL 1 REAL  THE ANOUNT($) OF SUSTAINABILITY DOLLARS
18 ¢ BASED ON THE REQNT COST THRU DAY N
19 c TABLES sunICH 1S THE CLOSEST ABPROXINATION
20 ¢ 10 PUT COST LINIT FOR THE CONSTRAINED
21 ¢ ERE MY
s
124 € ADESC(J) 300 CMAR 16 CHAR DESCRIPTION OF SPARE PART J
L H € aLLowren 120 REAL THE *ALLOWABLE NMCS ACFT® FOR THE NO-SUB
27 ¢ SET _ON DAY I,COMPUTED AFTER DAY I IS PROCESSEDe
28 ¢ AFTER IT_IS EALcuLAt:o FOR DAY I, IT IS FIXED
29 ¢ DURING ITERATIVE CALCULATIONS (INVOLVING DAYI)
30 ¢ FOR N3 -SUB REQ ATER DAYS,
32 € ALLOWB(T) 120 REAL MAXIMUM ALLOWABLE NMCS AC ON DAY I WHICH
33 ¢ WILL STILL ALLON ACHIEYAENT oF ‘CASE 0BXCTIVE
38 ¢ (FLYING WOUR AND AVAILABILITY) GN OAY 1
3¢ € ANSNED) 300 CHAR IDENTIFICATION NRUNSN)? OF SPARE PART 4
38 C ASURVID) 120 REAL  NR AC SURVIVING (KOT ATTRITTEDION OAY I
") C AVAVGIK) 6 REAL AVAVGI1)SAVG ACFT AVAIL ,FROM CAPABILITY
31 ¢ ASSESSMENT1BASED ON STOCKAGE of EITHER
‘ ¢ cv of 1 INV ¢ COMPUTED AGD-oON
s3 ¢ REGRTS " SOLUTE oMY
s ¢ AVAVGL2)=AVG MIN ACFT REQ®D TO ACHIEVE
46 ¢ THE FLYING HR/AVAILABILITY OBJECTIVE. ]
.8 ¢ AVAVGU 3)SAVG FLY HR/AVAIL ACFY / DAY Lo
.9 ¢ FROM CAPABILITY ASSESSMENY, BASED ON L]
50 ¢ £ITHER CURR INV OR (CURR INV ¢ THE SOLUTION ST
g; g REQWT) BEING STOCKED. e a?
53 € AVR(I) 120 REAL AC AVATLABILITY CONSTRAINT (WIN REQUIRED . e
54 ¢ NON-NMCS ACFT) FOR DAY I. RO
56 ¢ Bevea 300 REAL  BASE(RETAIL) REPAIR TIME FOR PART J (INPUT) Tl
8 € 3FtW) 3C0 PEAL A COEFFICIENT USED IN THE CALCULATION oF D
59 ¢ NET DEMAND (SR(IsJdyes)) FOR PART Je IT EQUALS
89 ¢ tiiaci et Inabiaitetr i3y’ :
62 ¢ s
6 € CASE CHAR  CASE ID ®
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Q gf (CNC;ST.DCOST!(NU)) GO0 TO Ss00
Ct% =CL-CL}

66 C FOLLOWING. STMTIS THRY STMT 7600 PROCESS THE CONSTRAINED COST CAS ez d
ig:: ¢ 1F bhevensr SINIT TE0Y FIMNcdiOnve R T consrRaTReD EbST SRalesethe »
1363 IF (CL.LELO.) 60 TO 7500 o
1070 IVEN S
1913 UCNS=0, NEW
Iars c FRAC1=0.
1074 € IF THIS IS A FULL SUB CASE ,OMIT CONSTR COST ALGORITHM 1 AND ONLY
1075 C PROCESS CONSTR COST ALEORITHN 2
}ggz c IF (NP2.EQ.0) GO TO 6600 .
119 € UP TO STHT 6600 PROCESS THE CONSTR COST SOLUTION FOR ALGORITHN 1
1381 ¢
1082 C RECOWPUTE THE COST OF THE UNCONSTR COST SOLUTION
1384 00 5100 J=1,nP2
1085 1I=INSt
1086 $100  UCNS: cnsocosrcrx»onncslxtn
1087 WRITE f5,10000) CASE
1088 c WRITE (6,15700)
1030 C SAVE THE UNCONSTR COST SOLUTION IN AN ARRAY
109 0 5200 JS1.NP
iggi (5200 Bong2 05, 2haetty
1095 C THRU STNT 5800, THE STANDARD PARCOM NO~SUB CONSTR COST ALGORITMM
1096 C OPERATES ON THE NO-SUB PART SET,
1097 ¢
1298 cLi=cL
1999 ENCSCNINT-CL
HEY € CNC IS THE S AMOUNT OF THE UNCONSTR COST SOLUTION WHICK IS MOT AFFORDABLE
1102 C AND SO MUST BE °UNBOUGHT®. IF CNC oLTs D,THEN THE UNCONSTR COST
103 C SOLUTION IS ALSO THE CoNs TR COS Y soLUTION
1105 IF (CNCe6T.0,) 60 10 530
1106 1F (INDEQe1} WRITE (6,15800)
1107 IF (IND.EGe2) WRITE 16415900
1jgs c 60 70 7500
1110 C UNDER ALGORITHM 1 LOGIC,THE NO-SUB PART SET REQNT IS *BOUENT® FIRST
1111 C (ORJEQUIVALENTLY, TME FULL-SUB SET REQMT IS SUNBOUGMT® FIRST®),
112 € Ir uc LYo THE CosT of 1 -SuB PARTS IN THE UNCONSTR COST
1 € SOLUTION (BCOSY1(NW))sTHEN THE ENTIRE UNCONSTR COST NO=-SUB REQMT
1114 C S *BOUGHT AND PART THE UNCONSTR COST FULL-suB REQNT NUST B
1115 € SUNBOUGHT®y OTHERWISE THE ENTTRE UNCONSTR COST FULL-SUB REQMT IS
1i1e C *UNBOUGHT®'AWD ONLY PART OF THE NO-SUB REQHT MUST BE *30UGHT®.
His 530
113
1121 60 10 $900
1122 5800 IF (NP1.£Q.0) 60 TO 5600 »
123 C BEFORE STARTING ALGORITHN 1 PROCESSING,INITIALIZE FULL-SUB REQUIREMENTS TO ©
26 D0 _$500 J=1,nP1
27 IIZIF S
28 (5500 ANESETT) 200 NEV
30 € TANCS STORES THE NO-SUB PARTS MIX PORTION OF THE SOLUTION FOR
1131 € ALGORITHM 1§
32 ¢
1133 S600 CL2:0.
1134 cLizci-cL2
3s CNCZUCNS-CL1
36 00 _S800 J=1,NP2
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CAA-D-85-3
SUBROUTINE CCLIST

SUBROUTINE CCLIST 1161080, INO)
NAME] CCLIST vPE: SUBROUT INE
BURBOSE: THE CCLIST (CONSTRAINED COST REQUIREMENTS LIST) SUBROUTINE
PRINTS THE CONSTRAINED COST REQWUIR EMENTS SOLUTION.

CALLED 8Y: MAIM PROGRAM

ALLS
¢ -SUBROUTINE MAXC: ORDERS THE LIST OF RQUIREMENTS TO BE PRINTED

QUTPUT = UNLT & (PRINT)

FILES USED :0UTPUT = UNIT 6(PRINT)
INPUT = NONE

LOCAL ARRAYS : NONE

1
2 c
3 ¢
H ¢
5 €
§ ¢
¢
s ¢
° ¢
a H
1 ¢
2 ¢
3 ¢
H ¢
s ¢
6 ¢
? ¢
3 H
20 €
21 € ARGUMENTS
$3 ¢
f; € nane Tvee OESCRIPTION
ot
28 € 16 FIXED INDICATOR TO SUBRQUTINE CCLIST OF WHETHER CONSTR
9 c COST ALGORITHM 141651) OR CONSTR COST ALGORTTHM
a ¢ 2 {]632)4As USED TO OETERWINE THE FINAL CONST
; ¢ cost soLuTIon
¢
L C IND FIXED INOICATOR OF THER TOTALIINIT STM=0) OR
s ¢! ! REIBa A 1nrT o n S uantn TN EnTine ) SRanrs
6 ¢ ARE SEING PROCESSED .IND=1 INDICATES TOTAL
4 ¢ REGNTS. INO=2 IMOICATES RESTOUAL REQMTS.
9 ¢
aa ¢ IoRD FIXED  RUN OPTIONLINPUTY, IF TORD .LE. O, THEN THE
M ¢ SoLuTIon wepars Lists vILL § ORDERED  ACCONDING
o3 £ mc"‘-‘oﬁ‘r‘i tisTy kaes I ZRED 87 (DECREASTNG} °
. ¢ ANGUN s6s ¥§ e TE 1
as ¢
"% ¢
. ¢
'2 € CONMON BLOCN IUNLABELED) ENTRIES
1 ¢
2 € uane DINENSION TYPE DESCRIPTION
: ¢
6 ¢ AcL REAL THE ANOUNT(S) OF SUSTAINA 1Y 0OLLAR
7 ¢ ! BASed o4 TNE scum a?nn‘ LR N Rt
58 [ YAOLESQUNICN Is CLOSEST APPROXIMATION
9 ¢ Jueut s T TR I R o The ot N TR ThED
0 ¢ cosT el
gk
>
63 € 40ESCLd 300 CNAR 16 CHAR DESCRIPTION OF SPARE PART J
S ¢
s¢ € ANSNIJ) 300 cHaAR IDENTIFICATION NR(NSN) OF SPARE PART 4
H H
89 € cast cHAR CASE 10D
N £
7 € cL 1 REAL THE CJ ST PECIF BY INPUT) US
;é € INCrhe STokd Al ned 205 REGRY LALLM, €0
75 € '
. 16 ¢ cucsiu 300 REAL TOTAL COST OF REQMT FOR PARY J USING
17 € THE SPECIFIED PART REPLACEMENT POLICY.
13 € costiun 300 REAL COST OF A SINGLE LTEM OF PART J o THIS IS
e ¢ ILSO DENOTED AS "PART UNIT cosT*
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CAA-D-85-3
. SUBROUTINE MAXC
1 SUBRQUTINE NAXC (NOUANY (NOUT)
2 € NAWE: WAXE TYPE: 'SUBROUT INE
H € PURPOSE: THE MAXC SUBROUTINE FINOS THE SUBSCRIPT OF THE LARGESTIIN VALUE
5 ¢ NENBER OF AN ARRAY (000¢J) )
' : € caLen ers
& 9 3 - WAIN PROGRAN
b - g [ - sunourai ucagr
. i ¢ - SUBROUTINE CCLIS
: 3 € cALLS 1 NONE
; % FILES USED z NO FILES READ OR WRITTEN
‘ 3 & ansuments
. : %
. ig € mane TYPE DESCRIPTION
f HI
- 'g S woumnv FIXED TME NR OF ITENS IN THE ARRAY BEING PROCESSED
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CAA-D-85-3
GLOSSARY

ABBREVIATIONS, ACRONYMS, AND SHORT TERMS

acft aircraft

AF allowed stockouts over the full-sub part set

AFH achievable flying hours

AFLC Air Force Logistics Command o
AMC US Army Materiel Command )
AN allowed stockouts over the no sub part set

AR Army regulation

ASL authorized stockage list(s) r
avail availability

avg average o
AVIM aviation intermediate maintenance :f—
AVSCOM US Army Aviation Systems Command .
AVUM aviation unit maintenance T
BC retail (base) condemnation rate :j*f
8R retail repair time

CAA US Army Concepts Analysis Agency

calc calculation(s) -
CCss Commodity Command Standard System

CONUS Continental United States

cont continued T
cum cumulative -
curr current ;
0C depot condemnation rate T

Glossary-1

.......
........
......




w e T N o T T
PGNP L A P R A TR S . - s e T T e T e T e S T T AP AN

W

_ CAA-D-85-3 ]
E DCSLOG US Army Deputy Chief of Staff for Logistics ]
5 DESCOM US Army Depot Systems Command -fi;
: dmd demand igzg
é DOD Department of Defense _;g
P DRT depot repair time - «
?T EFH estimated flying hours .

» est estimated ]
:; FH flying hour(s) ,,,;
E; FHP flying hour program : :

'l fly hr flying hour hf-h

%’ FS full sub (phase) '
! full sub full substitution (replacement policy) -

hr hour -

—
init initial T 1
MFHAD maximum flying hours per aircraft per day ;ﬁ;i
min minimum jli?

——
MSC major subordinate command '1‘f
NMC not mission capable 1;2
NMCS not mission capable (due to) supply R
no sub no substitution (replacement policy) =
NS no sub (phase)  ?
NRTS not repairable (at) this station zi
oPTP Overview/PARCOM Turnkey Project ]
0ST order and ship time .f;ﬁ
PARCOM Parts Requirements and Cost Model :;fﬁ
pgm (flying hour) program ii:?
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PLL prescribed load list(s)
pt part
ret returning (repairs)

© QPA guantity per application

rqmt(s) requirement(s)

sub substitution

=
]
-
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